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PRESSURE DISTRIBUTION OVER AN NACA 23012 AIRFOIL WITH A FIXED SLOT
AND A SLOTTED FLAP

By Teomas A. Haerm and Jorx G. Lowny

SUMMARY n

A pressure-distribution investigation was conducted in
the LMAL 7- by 10-foot wind tunnel to determine the air
loads on an NACA 23012 airfoil in combination with a
Jized leading-edge slot and a slotted flap. Pressures were
measured over the upper and lower surfaces of the com-
ponent paris of the combination for several angles of
attack and at several flap settings.

The data, presented as pressure diagrams and graphs
of section coefficients, are applicable to rib, slat, and flap
designs for the combination. The data showed the fol-
lowing: The peak pressures at the nose of the slat and the

"loads on the slat were higher in the angle-of-atiack range
where slote are useful than the peak pressures and the
loads shown in previously published data on the Handley
Page type of slot. The loads on the slotted flap showed
only a slight change with the addition of a leading-edge
slot, and i is belteved that any conventional flap would
show only a slight change in loading if incorporated with
a fixed leading-edge slot.

INTRODUCTION

The National Advisory Committee for Aeronautics
has undertaken an extensive investigation of air loads

on high lift and stall-prevention devices to obtain data.

useful in the design of safer airplanes. With the in-
crease in wing loadmg and the use of highly tapered
wings, some device is necessary to improve the stalling
characteristics of the wing. There are several ways
in which these undesirable characteristics can be
improved. One method now being employed is the

addifion of a leading-edge slot to the tip section of.

the wing.

The SJmplest leading-edge slot to construct and
operate is the fixed slot described in reference 1; in
this case the slat is an integral part of the wing. This
type of slot has the disadvantage of increasing the drag
at the high-speed condition but may be advantageous
where ruggedness and simplicity of construction are
essential.

Two fypes of movable leading-edge slot are the
Handley Page (reference 2) and the Maxwell (reference
3), which are fornied by the movement or rotation of
the slat with respect to the main airfoil. Some load
data are available on the Handley Page type of slot

(references 2 and 4). This type of slot is advantageous
because it produces little increase in drag at high-speed
conditions and is more effective than the fized slot, but
its construction and operation offer difficulties.

The present investigation includes load data for the
optimum fizxed-slot arrangement reported in reference 1
and for a slotted flap on an NACA 23012 airfoil.

APPARATTUS AND. TESTS
MODELS

The airfoil model used in these tests had a 7-foot
span and a 3-foot chord; it conformed to the NACA
23012 sairfoil profile (table I) and was constructed of
laminated mahogany with & hollow section to accom-
modate the copper pressure tubes. The basic model
consisted of the airfoil in combination with & full:span
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FiGure L—Cross sectfon of model showing airfofl-slot-fap combination used in
pressure-distribution tests. .

fixed leading-edge slot and a full-span slotted flap
(fig. 1). The fixed slat was attached to the airfoil by
four thin metal fittings and the slotted flap was at-
tached to the eirfoil with three metal hinges.

The full-span leading-edge slot (fig. 1) was developed
by the NACA and is designated nose 11, slat 5C in
reference 1. The slat has a chord of 5.940 inches
(16.50 percent of ths over-all airfoil chord). The
{railing-edge portion of the slat was constructed of
aluminum so that it maintains its shape under load.

The full-span slotted flap (table I) was developed by
the NACA and is designated 2-h in reference 5. It
has a chord of 9.238 inches (25.66 percent of the over.
all airfoil chord). The path of the flap nose (table I)
is the optimum one reperted in reference 5. The flap
was arranged for locking at downward, or positive,
flap deflections from 0° to 60° in 10° increments.
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The model was fitted with a single chordwise row of
pressure orifices 21 inches from one end of the airfoil
and located along the chord as shown in table II and
ficure 1. Tubes leading from these orifices were
brought out through one end of the wing (fig. 2) and
connected to a rhultiple-tube manometer that records
photographically.
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TEST INSTALLATION

The model was mounted in the closed test section of
the NACA 7- by 10-foot wind tunnel (reference 5).
Because the model completely spanned the tunnel
except for small clearances at. each end (fig. 2),
approximately two-dimensional flow was obtained.
Torque tubes attached to the belance frame held the
model rigid and also served as conduits for the pressure
tubes. The angle of attack was set from outside the
tunnel by rotating the torque tubes with a calibrated
electric drive.

REPORT NO. 732—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TESTS

The tests, except for those at large angles of attack
in which the dynamic pressure was lowered as much as
19 percent, were run at an average dynamic pressure
of 16.37 pounds per square foot. The decrease in
dynamic pressure was necessary to measure the peak
pressures because of limitations in the manometer.
The average dynamic pressure, 16.37 pounds per
square foot, corresponds to a tunnel velocity of 80
miles per hour and a test Reynolds number, based on
the chord of the airfoil with flap retracted, of 2,190,000.
Because of the turbulence in the air stream, the effec-
tive Reynolds number was 3,500,000. (See reference 6.)

The model was tested with the slotied flap deflected
from 0° to 60° in 10° increments. Tests were made at
each flap deflection through an angle-of-attack range
from about zero lift to approximately maximurm lift in
4° increments. With the model at a given angle of
attack and flap setting, time was allowed for the tunnel
and for the manometer to become stable before the
pressures were recorded.

PRESENTATION OF DATA

PRESSURE DIAGRAMS

All the diagrams of pressures over the upper and
lower surfaces of the airfoil-slot-flap combination are
given as pressure coefficients P
where

p=C"D
q
and

p static pressure at & point on airfoil
Po static pressure in free air stream
g dynamic pressure of free air stream

Pressures over the airfoil with the fixed slot are
shown in figure 3 and pressures over the airfoil with the
fixed slot and the slotted flap are shown in figures 4
to 10. A comparison of the loads on the plain airfoil
with the loads on the slotted airfoil is shown in figure
11, and a comparison of the loads on the plain airfoil
with slotted flap with the loads on the slotted airfoil
with slotted flap is shown in figure 12.

In figures 3 to 10 the pressures over the main airfoil
and the slat are plotted normal to the airfoil chord and
the pressures over the slotted flap are plotled normal
to the undeflected flap chord line. In order to prevent
overlapping of the component parts of the combination
and to keep the curves as large as possible, the slai was
moved forward and the flap was moved rearward from
the normal positions. The pressures are plotted for
the component parts in the positions shown by solid
lines. The normal positions of the slat and the flap
are shown by dashed lines. The pressures over the
main airfoil and the slat for figures 11 and 12 are
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plotted normal to the airfoil chord, and the pressures
over the slotted flap are plotted normasl to the deflected
flap chord line. The position of the component parts
in these figures is normal.
COEFFICIENTS

The pressure diagrams were mechanically integrated
to obtain data from which standard nondimensional
section coefficients were computed. Where the term
“flap alone” or “slat alone” is used, it refers to the
forces and the moments on the flap or the slat in the
presence of the rest of the airfoil-slot-flap combination.
The section coefficients are defined as follows:

Cx normal-force coefficient of slotted airfoil with
flap (nfge) .

e, normal-force coefficient of flap alone (n,/gc;)

€x, normal-force coefficient of slat alone (n,/ge,)

€. chord-force coefficient of slat alone (2,/ge,)

cr resultant-force coefficient of slat alone

(Ve TFcr)
pitching-moment coefficient of slotied airfoil
with flap about quarter-chord point of air-

foil (m/gc®

pitching-moment coefficient of flap alone about
quarter-chord point of flap (m,/ge/

pitching-moment coefficient of normal force
of slat alone about leading edge of slat
(m,’/qc,’)

pitching-moment coefficient of chord force
of slat alone about leading edge of slat
(m.ch.’)

pitching-moment coefficient of slat alone
about leading edge of slat (c..‘a-[-c,.,x)

center-of-pressure location of slotted airfoil
with flap in percent airfoil chord from lead-

ing edge of airfoil [(0.25—%’5)X 100]
center-of-pressure location of flap alone in
percent flap chord from leading edge of flap

[(0.25 —%;)X 100]

center-of-pressure location of slat alone in
percent slat chord from leading edge of slat

Cm
(— c:x 100) .
center-of-pressure location of slat alone in
percent slat chord above chord line of slat

G,x
(—‘X 100
Ce,

Cx

c,,."

Cx

(c.p.)

(c.p.)s

(cp.)s,

(e.p.)s,

where

n normasl force on slotted airfoil with flap -
Ny normal foree on flap alone normal to chord of
. flap _
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Ty normasl force on slat alone

2z, chord foree on slat alone

m pitching moment of slotted airfoil with flap

my pitching moment of flap alone '

My, pitching moment of slat alone about leading
edge of slat, due to normal force

m,, pitching moment of slat alone sbout chord
line of slat, due to chord force

e chord of airfoil with flap neutral

cr chord of slotted flap (over-all Iength of flap)

s chord of slat (projected distance along airfoil
chord line) (See fig. 1.)

and

a angle of aftack for infinite aspect ratio

5 angle of flap deflection

With the exception of the chord-force moment of the
glat, the coefficients for the combination were derived
from the normal forces alone, the chord force of the flap
being neglected. Neglecting the normal-foree com-
ponent of the chord force on the flap in calculations for
the combination reduced the normal-force coefficients
by a maximum of approximately 0.08. Because the
skin friction of the flap will enter into any correction
for this discrepancy, no attempt was made to include
& correction for flap-chord force in. the final results.
Inssmuch as the model completely spanned the jet,
the integrated results, which are in coefficient form,
may be used as section characteristics.

Figures 13 to 16 show the section characteristics of
the combination, of the slat alone, and of the flap alone.
Figure 15 shows a vectorial representation of the
resultant-force coefficient on the slat alone.

PRECISION

Experimental errors in the resulis presented in this
report are believed to be within the following limits:

Do e _. 2 percent
B e e +1 percent
O e e e e e +0.1°
e e +0.5°

The normal-force coefficient of the combination was
corrected as explained in reference 5. This correction
tends to reduce the magnitudes of the pressures; the
results for the slat and the flap, which are uncorrected,
should be conservative.

DISCUSSION
SECTION PRESSUEE DISTRIBUTION

The pressure curves (figs. 3 to 10) show the distribu-
tion of pressure over the upper and lower surfaces of
the airfoil for various combinations. These curves
may be used for designing of ribs, slats, and flaps as
well as for showing the change in distribution as the
flap is deflected. In genersl, these curves show that
the fixed slot has little effect on the net pressure dis-
tribution except that it maintsins flow above the stall

range for the plain wing.
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The shapes of the pressure curves for the model with
the slotted flap deflected (figs. 4 to 10) are generally
very similar to those of the curves for the slotted flap
deflected on a plain NACA 23012 airfoil (reference 7);
this similarity shows that the flaps have the same
characteristics as to extent of peak pressure, occurrence

~—— Ploin oirfoif  ex= 1.3/ [reference 7)

-=~- Slotted airfoil cy= 138

/-
FiaURE 11.—Comparison of the prossure distribution on the NACA 23012 alrfoil
with a fized slot with that on a plain NACA 23012 alrfoil. ag=12°,

of double peak pressures, and magnitude of peak nega-
tive pressures. No chord-force diagrams were included
in this report because of the similarity of pressures
on the slotted flap in this investigation to pressures
on the slotted flap reported in reference 7 and because
such diagrams can be constructed from normal-force
diagrams.

The pressure curves for the ﬁxed slat (ﬁgs 3 to 10)
are similar in.general shape to the curves shown in
references 2 and 4, but the maximum peak negative
pressures are much higher on the fixed slat than they
were on the Handley Page type of slat. The extromely
high negative pressures (P= —18) at the nose of the slat
might be very detrimental at relatively high airplane
speeds hecause of compressibility effects. A careful
inspection of the pressure curves will show that the
location of the extremely high negative values of P
is very critical. It is quite possible, therefore, that in
the previous investigations of Handley Page slots the
pressure orifices were so located that they inadvertently
missed these high negative pressures. Diagrams show
thet the pressure variation over the lower surface of
the slat is similar to the pressure variation over the
lower surface of the main airfoil at the slot entry for
the slotted flap.

The pressure diagrams for the center portion of the
sirfoil (figs. 3 to 10) show & similarity to the pressure
diagrams for a slotted flap.

The similarity of flow about the main portion of the
airfoil for several airfoil-flap arrangements (reference 8)
indicates that the forces on the fixed slat in combination
with any of the flaps would have approximately the
same pressure curve &S to magnitude of pressures and
general shape. Because the addition of the fixed slot
had little effect on the pressures on the slotted flap, it
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is reasonable to assume that the pressures on other
flaps would be only slightly changed. It isto be remem-
bered that the forces on the slat would change with
any alteration in shape of slat or slot.

A comparison of the pressures over the plain airfoil
with pressures over the slotted airfoil at the same angle
of attack (fig. 11) and a comparison of the pressures
over the plain airfoil with slotted flap with the pres-
sures over the slotted airfoil with slotted flap at the
same angle of attack (fig. 12) show the following: The
plain and slotted combinations both carry about the
same load. The addition of the slot does not change
peak nose pressure to any extent. The center portion
of the slotted airfoil carries more load and the slat
carries less load than a proportional section of plain
airfoil. The load on the flap is shghtly increased by
the addition of a slot.

The main effect of the fixed slot on the plain airfoil
with slotted flap is to increase the angle of attack for
the stall. The continuation of flow about the airfoil
at high angles of attack accounts for the extremely
high values of P obtained.

-1
-8 ——— Plain airfoll with sfolted flap
Cn =249 (reference 7
—————— Slotted oirfoff with skotted figo

1
)
[}
)
4 . Cnw 247
1
]
1

Freune 12.~Comparison of the pressure distribution on the NACA 23012 airfoil
with a fixed alot and & 0.2566¢ slotted flap with that on & plain NAOA 23012 airfofl
with 0.2568¢ slotted fiap. Flap deflection, 30°; ay=12°,

AERODYNAMIC SECTION CHARACTERISTICS

A comparison of the section characteristics for the
combination (fig. 13) with results reported in refer-
ences 1 and 7 shows the following: The normsl-force
coefficienta for the combination agree very well with
the force-test results of reference 1; the pitching-
moment coefficients for the arrangement tested show an
increase over the coefficients for the plain airfoil with
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slotted flap (reference 7); and because the normsl-
force coefficients remain approximately the same on
both airfoils for a given angle of attack, the center of
pressure moves rearward. No quantitative comparison
of pitching-moment coefficients with force-test results
is made because the chord forces of flap and airfoil
have been neglected in this report; however, the values
of ¢n obtained by the two methods show reasonable
agreement. The angle of attack for the stall is slightly
lower for the pressure-distribution tests, but no effort
was made to obtain absolute values because the same
arrangement had been reported in reference 1.

Figures 14 and 15 show the section characteristics of
the slat alone. The resultant-force coefficient for the
slat tested is much higher than that reported for the
Hendley Page slat (references 2 and 4). The forces,
however, act in the same direction and from approxi-
mately the same point. The maximum resultant force
acts forward along a line that makes an angle of ap-
proximately 47° with the chord line and intersects it at
the 0.40 ¢, point. Figure 15 should be useful in the
design of slat supports.

A comparison of the section characteristics of the
fiap alone (fig: 16) shows that the loads on the flap
build up more slowly than do the loads on the combina-
tion, except in the normal-force-coefficient range below
1 with flap deflections greater than 30°. A comparison
of the section characteristics of .the flap alone on the
glotted airfoil (fig. 16) with the section characteristics
of the flap alone on & plain airfoil (reference 7) shows
the flap loads and moments to be little affected by the
addition of the leading-edge slot. Inasmuch as the
loads on the flap in combination with a slotted airfoil
arse approximately the same as the loads on the flap in

combination with & plain airfoil, no chord-force co-
efficients are given. The chord-force coefficients re-

ported in reference 7 should be applicable.

CONCLUSIONS

The peak pressures at the nose of the slat were very
high in the range of angle of attack where slots are
useful.

a7

The forces on the slat were smaller than the forces on
the same portion of a plain airfeil at low angles of attack
but built up to very high values above the stall of the
plain airfoil. These forces were much higher than
previously published loads on Handley Page slats.

The loads on the flap on the slotted airfoil were ap-
proximately the same as the loads on a flap on a plain
eirfoil; therefore, any conventional flap should show
little change in load if a similar leading-edge slot were
added to the combination.

LaNGLEY MEMORIAL AERONAUTICAL LLABORATORY,
Narronar Apvisory COMMITTEE FOR AERONAUTICS,
Lawarey Fiewp, Va., July 30, 1941.
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- TABLE II.—ORIFICE LOCATIONS ON AIRFOIL-SLOT-
FLAP COMBINATION TESTED
x - v
[Orifice locations on upper and lower surfaces in percent airfoll
. . - - 4—_’—’_7 == L chord from leading edge of airfoil]
Fixed diat " Alriol Blotted flap
My
TABLE L—ORDINATES FOR AIRFOIL AND SLOTTED Orifics | Location Orifice | Location Orifice | Location
FLAP AND PATH OF FLAP NOSE
0 0 0o { 1200 0 | ™
[All dimensions in percent of wing chord] 1 .25 1 12.35 1 74,
2 128 2 | 189 3 | %
NAOA 23012 AYRFOIL SLOTTED FLAP 3 2.20 3 | MK 3 | 7
4 | =378 4 {r18.00 4 | 601
Upper | Lo Upper | Lo 8 |ean 8 |iixo § | 2o
[ 3
Statlon | o PRoe | suriace Btatlon | 7RCC | curiace 7 | 1% 7 | .00 7 | 858
g8 | 10,00 8 | 200 § | 90.38
9 | 135 9 | 40.00 9 | 9208
0 | e 0 0 ~-1.%9 | -1 10 | 1600 10 | 50.00 10 | 9551
1.25 | 267 | —123 40 | =22 | -2.05 1 | enoo | &0
2.5 381 | —-L7t .72 0| —321 i3 | 67.00
5.0 491 | -3.26 1.36 6L | —2.36 70.00
1.5 58 | —261 2.00 Lod | —241 M | 00
10 648 | —-292 2.64 140 | —24 15 | moo
15 7.19 | -850 3.82 104 | .o 16 | sL&
20 7.50 | —a97 5.90 230 |
25 7.60 | —4.28 568 | ooe- =316
30 7.58 —4. 46 048 28 | oo « Lower surface only.
40 7.14 ~4.48 7.78 2.63 ® Upper surface only.
50 64 | —417 9.03 2.5
60 547 | —8.@7 10.81 248
70 4.36 00 15.68 168
80 3.08 [ —218 20.68 .92 .
90 168 | -L22 2.66 )
95 .92 -7
100 .18 —18
Qenter of leading-edge arc:
e redins: 1.58 o0l l -L3 l aaiaiai
sloge of radlus through
en : 0.806. Leading-edge radius: 0.01
PATH OF FLAP NOSE CONTOUR OF SLOT
[ ] Station | Ordinate
@ | * Y
T2 | -L0
0 836 .01 74. 57 .67
10 5.41 3.63 78.22 L76
20 3.83 3.45 77.82 220
39 2.63 3.37 0.5 2.65
40 1.3 243 .82 2.83
5 . 80 1.63 82.70 2,64
60 .12 148
Aro center Arc radfus|
665 w67 | 797




